Summary &horbar; The developmental pattern of apolipoprotein in the plasma with regard to lipid concentration was characterized during the transition of pullet females to the laying phase in commercial laying hens (Gallus domesticus). Apo-I I was isolated from the plasma of estrogen-administered roosters, and a rapid ELISA was developed for its quantification in chickens. The sensitivity of the assay was 5 ng/ml, and the inter-and intra-assay coefficients of variation were 4 and 8%, respectively. Whereas no detectable levels of apo-11 could be monitored in the blood plasma of immature chickens, the level increased slightly to 23 weeks of age and sharply at the onset of lay. This profile reflects the dramatic changes in lipid metabolism at the onset of lay, and concurs with the concentration of total lipids in the plasma and with egg production rate. Plasma apo-II of 2 laying strains differing in body weights but compared at approximately similar egg production rates, tended to be slightly higher in heavy vs light-weight type hens. Oogenesis was speculated to be the main factor affecting both apo-II and total lipid profiles in chicken plasma, enabling efficient delivery of VLDL to the egg. apolipoprotein VLDL-11 / chicken / hen / egg production rate / lipid 
INTRODUCTION
The onset of lay in chickens is accompanied by estrogen-induced hepatic lipogenesis, resulting in hyperlipidemia in the plasma of laying hens (Hermier ef al, 1989) . Triglyceride concentration, for example, increases from 0.5-1.5 pmol/ml of plasma prior to lay to 20-50 pmol (ml) at the onset of lay (Griffin and Hermier, 1988) . This higher concentration persists in the plasma as long as hens remain in lay, and contains 2 major laying-hen-type lipoproteins as yolk precursors: very low density lipoprotein (VLDL) and vitellogenin . In the laying hen, VLDL particles contain large amounts of apolipoprotein (apo-II) in addition to apoB (Burley et al, 1984; Dugaiczyk et al, 1993) . These triglyceride-rich lipoproteins are primarily transported from the liver to the growing oocytes (Hermier et al, 1989) .
In an attempt to discover its function, Nimpf and coworkers (1988) disproved receptor-mediated endocytosis in oocytes by apo-II, but later demonstrated inhibitory properties of apo-il on lipoprotein lipase (LPL) activity (Schneider et al, 1990) . They suggested that the presence of apo-11 in laying-hen VLDL ensures efficient delivery of triglycerides to the oocyte for subsequent use as an energy source by the embryo.
In view of the above findings, and to ascertain this hypothesis under physiological conditions, in the present study we characterized the developmental pattern of apo-II in the plasma with regard to lipid content at the onset of lay. Using the procedure developed for the purification of apo-11 (Nimpf et al, 1988) , we isolated pure apo-11 from the plasma of estrogen-administered roosters, and developed a rapid ELISA for its quantification in chickens. We then compared the concentration of apo-II in the plasma of hens with different inherent tendencies for egg production.
MATERIALS AND METHODS

Purification of apo-II
Leghorn roosters were administered with a single intra-muscular injection of p-estradiol-3-benzoate (Sigma, 50 mg/ml corn oil) at level of 50 mg/kg body-weight. Blood was collected from the heart with EDTA-containing syringe (2 mg/ml) as an anticoagulant. The blood was kept cool (0-4°C), centrifuged (1 500 g, 20 min) and the plasma was separated. VLDL was purified after centrifugation at 18 500 g, 23 h and the apo-I was isolated from the VLDL as described by Nimpf et al (1988) . The purified apo-II was dissolved in buffer containing 75 mM NaCI, 50 mM Tris-HCI, and 60 mM octylglucoside, pH 7.4, to give a final protein concentration (Bradford, 1976) of 1 mg/ml. The purified apo-il was separated on an SDS-polyacrylamide gel and identified by immunoblotting.
This was compared to a purified apo-II which was kindly provided by Dr Schneider (Vienna, Austria) (Nimpf et al, 1988 ).
Preparation of polyclonal antibodies
Polyclonal antibodies for measuring plasma apo-II levels were prepared according to the recommendations of the committee on apolipoproteins, the Intemational Federation of Clinical Chemistry (IFCC) (Marcovina et al, 1990a (Marcovina et al, , 1990b . Polyclonal antibodies were raised in male white albino rabbits by 4 subcutaneous injections of pure apo-II solution (150 pg per rabbit) at 2-week intervals. The first injection was carried out using incomplete adjuvant (1:1, v:v), the next 3 injections with complete adjuvant. Sera from the immunized rabbits were screened for reactivity against the antigen following each injection and antisera were harvested.
Electrophoretic procedure
Electrophoresis was performed on a 1 dimensional (100 mm long, 1.5 mm thick) SDS-polyacrylamide gel (12 g/100 ml) (SDS-PAGE) according to Laemmli (1970 (Towbin etal, 1979) using a Western immunoblotting system (Trans Blot, Bio-Rad). The electrotransferred proteins were incubated with rabbit anti-chicken apo-11, diluted 1: 1 000, (v/v) Bands of plasma samples and the purified apo-II were scanned in a densitometer, using densitometry computer software for proteins quantification (W360, Hoefer Scientific Instruments, CA, USA).
Measurement of plasma apo-II by ELISA
Competitive ELISA was performed with unknown amounts of plasma apo-II. The primary polyclonal antibody used was raised against apo-il purified from estrogenized rooster plasma (rabbit antichicken IgG) and was detected with goat anti-rabbit antibody. In brief, 96-well immunoplates (Nunc, Kamstrup, Denmark) were coated overnight at 4°C with 200 pl/well of plasma diluted 10 6 -fold in carbonate-bicarbonate buffer (pH 9.6). The wells were then washed 3 times (5 min each) with a PBS washing solution (pH 7.6) containing 0.05% Tween. Rabbit anti-apo-II antibody (diluted 1: 1 000) was added (100 I ll/well) and incubated for 1 h at 37°C, followed by washing, as described above. Then 100 pl goat anti-rabbit ]gG (diluted 1: 2 000) peroxidase conjugate (Bio-Makor) was added to each well and incubated for 1 h at 37° C. After washing, the bound antibodies were detected by adding 40 ti) 2,2'-azino-bis(3-ethylbenzthiazoline sulfonate peroxidase) substrate (KPL, MD). The Samples of blood plasma from chickens were separated by SDS-PAGE (fig 2) . Whereas cockerel plasma (lane A) was devoid of apo-II, large amounts of it could be found in layer hen plasma and purified apo-II (lanes B and C, respectively).
Immunoblot analysis of the purified apo-11 and chicken plasma samples also revealed the 2 bands of apo-ii (fig 3) . Whereas cockerel plasma samples (lanes A and E) were again devoid of apo-11, those of layers (lanes B and F) had large amounts of it.
Standard curve of apo-II by ELISA Percent binding of antibodies increased with increasing amounts of purified apo-II, reaching a plateau at 0.3 pg/ml for both exposure times ( fig 4A) . Samples exposed to substrate for 1 min bound about half of those exposed for 5 min. At both exposure times, a linear relationship (r= 0.99) was observed when data were plotted on log-to-log scales ( fig 4B) . In order to minimize variation in color development due to differences in exposure time between samples on a plate, only the 5-min time point was used in further analyses. The sensitivity of this assay was 5 ng/ml, and the inter-and intra-assay coefficients of variation were 4 and 8%, respectively.
Calibration of the ELISA A primary standard (the purified apo-II, fig 4) and reference materials were run and compared in each ELISA. The latter consisted of a predetermined amount of apo-II from the plasma of a layer hen (quantified by immunoblotting, fig 3) , and cockerel plasma as a blank (devoid of apo-11). Quantification of the apo-II bands on the immunoblot (fig 3) with the corresponding ELISA indicated that the reference material, ie layerhen plasma, contained approximately 1 700 !g apo-11 per ml.
Apo-II in broiler-breeder hens
Egg production rate peaked at 26 weeks of age and decreased slightly thereafter ( fig  5A) . In contrast, egg weight ( fig 5B) (fig 5F) .
Apo-II in egg-vs meat-type hens
Egg production rate ranged from 63 to 70% and did not differ statistically between meatand egg-type hens. However, the body weight of the meat-type hens was about 2-fold higher than that of their egg-type counterparts (table I) . Plasma apo-I was slightly higher in meat-vs egg-type hens, to a statistical degree with the 100-week hens (P< < 0.02) than with those sampled at 104 weeks of age (P< 0.07).
DISCUSSION
Apo-II, an apolipoprotein, which is unique to avian species and is expressed during the laying cycle, has been extensively investigated (Burley et al, 1984; Nimpf et al, 1988; Hermier et al, 1989; Schneider et al, 1990; Barber et al, 1991; Dugaiczyk et al, 1993; Wijnholds et al, 1993) . Estrogen induction of apo-II biosynthesis (Burley et al, 1984; Nimpf et al, 1988; Hermier et al, 1989) , concurrent with dramatic changes in lipid metabolism at the onset of lay, eg, increases in hepatic lipogenesis and in the production of egg yolk precursors , indicated its role in oogenesis.
Recent investigations by Nimpf etal (1988) have disproven any functional receptormediated endocytosis in the oocyte by apo-II. However, the inhibitory properties of apolion LPL activity found in vitro (Schneider et al, 1990) (Griffin and Hermier, 1988) . In the present study, it appeared as 2 protein bands following SDS-PAGE (fig 1) or Western blotting (fig 3) . Our isolated apo-II 1 migrated in a similar way to that provided by Schneider (fig 1, lane A) , confirming its purity.
It is generally agreed that expression of the apo-II gene in layer chickens depends on estrogen (Burley et al, 1984; Cochrane and Deeley, 1988; Griffin and Hermier, 1988; Nimpf et al, 1988; Douaire et al, 1990; Berkowitz et al, 1993 (Barkia, 1990) lay (fig 5) . This is presumably due to increases in the estrogenic activity of chickens upon transition to the reproductive cycle. Expression of the apo-II gene, which is restricted to the liver, is absolutely dependent on estrogen and normally occurs only during periods of egg laying (Berkowitz et al, 1993) . Apo-II, along with other eggyolk precursor proteins, has been shown to be induced in birds by estrogen, primarily due to increased transcription of the gene (Cochrane and Deeley, 1988) . In contrast to plasma total lipid which declined with age and egg production, apo-11 levels remained unchanged. This finding is further demonstrated by the apo-II/lipid ratio, which increased consistently with age ( fig 5F) . This could be explained by a lower estrogeninduction threshold for apo-II vs lipid biosynthesis induction. Although plasma estrogen was not monitored, it may be speculated that the estrogen-dependent expression of apo-II biosynthesis differs from that of lipids.
To compare the level of apo-II in the blood plasma of egg-vs meat-type strains, hens exhibiting approximately similar egg production rates were examined (table I). The production rate ranged between 63 and 70% but did not differ statistically, despite the 2-fold difference in body weight. Plasma apo-11, however, was slightly higher in meatvs egg-type hens, to a statistical degree with the 100-week hens (P < 0.02) than those sampled at 104 weeks of age (P< 0.07 
